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1. PURPOSE

The general purpose of tile second year of this study is to extend tile study of

pulsed nuclear radiation effects on the operating characteristics of coaxial C-hxand bea-

con ferrite duplexer devices and to include the study of pulsed nuclear radiation effects

on the operating characteristics of waveguide ferrite duplexing devices operating under

both high and low r-f power conditions. The coaxial duplexer to be investigated further

was developed by the Sperry Microwave Electronics Company under Contract No.

DA36-039-SC-85330. The four-port, differential phaseshift, waveguide duplexer and

the Y-junction waveguide circulator to be investigated were also developed by the

Sperry Microwave Electronics Company for use in various types of radar and commu-

nication applications. Experimental radiation effects data are to be acquired for the

duplexers and 'or their components operating in a frequency range of 5. 4 to 5.9 Gc and

at least two r-f power levels, one below one watt (low power) and the other as high as

possible (expected to be near 5 kilowatts peak).

Specifically, the aims of the seventh quarter of the study were the following:

To perform a fifth series of experiments at the Sandia Pulsed
Reactor Facility (SPRF), during the week of 2 December 1963,
involving irradiation of the individual waveguide and coaxial du-
plexer components and assembled coaxial duplexer. The com!po-
nents were operated under two levels of power approximately
equal to 100 milliwatts cw and 5 kilowatts pulsed.

To reduce and analyze the data recorded during the fifth series of
experiment s.
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2. ABSTRACT

This report presents the results of the fifth series of radiation environmental

experinents conducted during the seventh quarter of the program. Included iA the re-

port are a description of the equipment used to perform the experiments, the measure-

ment techniques employed, and a complete dosimetry report. Photographs of impor-

tant phases tof the test are given to provide the reader with a better insight into the

study. The microwave high power tests, which were initiated during the fourth series

Of tests, were continued for the fifth series of experiments. Conclusions presented

are based upon the data taken thus far, including the fourth and fifth series of tests

with high pw-r operation.
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3. PUBLICATIONS, LECTURES, REPORTS
AND CONFERENCES

3.1 PUBLICATIONS

No additional publications were generated during this reporting period.

3.2 LECTURES

None in this reporting period.

3.3 REPORTS

None in this reporting period.

3.4 CONFERENCES

A conference was held on 17 December 1963, at the U. S. Army Electronics

Research and Development Laboratory, Fort Monmouth, New Jersey. In attendance

from the U. S. Army Electronics Research and Development Laboratory were:

L. L. Kaplan
F. Palmisano
William H. Wright

John Carter

In aitendance from Sperry was: G. R. Harrison.

The purpose of this conference was to analyze and review the results of the program

to date and to discuss and formalize the scope and plans to be followed for the re-

mainder of the program.

3-1
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4. FACTUAL DATA

%.I EXPERI{MENTAL PlIUC.EDfl ES

'Iihuffh 5e'i'I- te'StS ý\:IS C(oflthitte(' too eNtefiti Ihi iiihii'nia:t ~itl Olitajitieti on

ti (Lfu IanIII]II \%', VV''tg Iidte ct )IIIiioilefits tested pvcui'e)IotSl I. 1 2 ,ý ,i.5 , Iadtocniu

:itI~~ Std\ theseC ('0iiij)OfIlt~ts ttyttrnting, undler a inc i Iic' O\\e level tWan carilie'i

t'xpei'initnts. tomw pow\er' nifi'iowavc t'xjwt'i'iifts ane (-onfl(uctied uising, apploxim')iatel.\

10 mh nilliwat ts (i C\ pow e t~tot drivoI' \ the co mpotnentS Uin~l lto' tst. I-I igh poe1 Iro

a Yett't 011I)jIM ti a magne~t P1 towe StuI't'eL to (if ii\e( tie c'I )ol e itnets unlderI test WithI

:ippl'oxi irt'l.\ -) kilowatts 'Il peak I)OW0l'. HT'hig l)OW\ei' sour'ce d~eliv'ers two i-I

tnt ~kSe 1a 111~ mt v nn it' P see tnt Is it) \\ idtl wxi th a separlat ion iiii .150 miAi'8Ltose (is.

T11C fi 'St pulse. iWVrealtel'' tailed IP1 , was ilelai.t'tl from thle c'ontr'ol r'ooml (SPRI,'t

s\ nchronizatio itrio- I1, hg 1 I ap i lo.\im 1 (1\ tI 2201 micriosecoinds. TPhis delay placed jIII unde r

Clt radt~iat io n hlli't. 'Lie cl.'Olld hni'`-t (dIA. hei'eah~tei tailed P2, t01.1d Is' delayedI 11p

too I.-)0 MliC VOSCCM'('IiiI 1hl\ ioxxmu P1ý Titode, was norit mallY set 'or the maxinItIm11 of 1 50

mie'8''inS Tli' N\o~-Iitlsc S\ steml xx as 'lesii'ahlt'- heeanMSe it pi'oVited I meanMs to

ohserx I' till' e'htt'ts duiluii. the r'ildiation Iinist als ell aIs :1n\ I ngei'ring e f'1eels lolitiwing

tit-heIu st.

lii lee loxx JYMCF t' S)i i 'C(-t' xxe'e 'O i1ji.\ t'(lIi tie i'hloim ltciektiji t'xpei' rInen tts to the

highl Itt\\ U1lsts mnid too e\tei'ii the (hi1ta t:11ake t)n 1)i't'\ iOUS tt'ilt- too the i'eattoi mI\ 0n

eXI)Oit' iCi m ia t hIi i- I - ixx ('I' \\a:s i ineliu'igot patwllddu il (- -1 i-V~ t ion IuI-St. Bot1I tile 1IwV

antId high p'x i i i''t5 i \% 't' mli' tit I at :1 'jl'i' h i i'. 1tltt'k tliagi'rins of

sti tl ' h ý.1 slitd 1(1\ fi o('I inFC ' tiell C( I11 fifth Il- cillst itr titlt,

Iho .'uii ( ii'itltt'il h% thei 1 1x i'sii'e.dsgiati nitol i's1gna1, was oh)--

sert'ix i dlujingL taill hLini'st It) ilisiiic' thalt nitl ohllagi's. iioi'n'i'i' ill thet tdrix'in ll-ixvt'1. 'I hi's

4titirt I'C h' 0 x is IIiCI:IS(I L'tt('Ctt'it and minito)'i' i oi a) sitlt -. lo th poe Ielce IfromIS -f) W ,O

tl( ('itihttii.iit 1iidr le''tst, d;itsinit'l \S\' V sit ja xý1:1 is :1- tn01itort'd bY ulsing a t'it't'Li1'toi

((1i\% i e' i (W ;l i di'io i il tcti l ll co pic (1)gb ii iillltt h e on I fit(' sttlii't' and thte component



() 1l t he I\\ )-f)( t ilev\iees te~~ tedl, Sul h:as lii iitei'ý , waiveguicides, anld isol ators,

the VetuL.'n Si"Alal fr'ofl the de(VieC( %VaS mon01itOred. When three-p)ort deViceS (C trCulatOrS,

dltlfploxei', etc,. ) 0\ ere testedl, the power' was delivCered to the transmitter port, and the

I-ttl-1O Siti~l~ll I 117011 the antenla and ieee i\xr Were rmonitore~d.

The followimg parits of this section (4. 1) present a dlescription of the procedure

:1111 the. (i01)I nlolle its teste~ldorn the fifthl series Of tests. SeCt ion -1. 2 contains anl anialy-

td tho results l)I aimed during the experiments.

1. . 2 Wi~uet-oLilAdapter Tests

Pre\ ious data have indicated sonie disc repanc ies in the results when w~aVeguidL-

I,- -I n~iail ladap~terS Were used at the test component. All input and output transmission

ines xx ere coaxial eahie. When waveguide sections and waveguide components w ere

ILeste'd. adipters were require~l to test these components. Nine separate adapters have

hicOl u.-(( inl p~t'ieS AOu epe inients. Somle Of these atdap~ters Containied polyethylene

iw itehing, he(ads ondl others used hiexol ite heads. Previous dlata indicatedl that the match

iOte tihe adapiters was affected bY thle nuclear radiation. Some exp~eriments were per-

hmedl th d(i'(uring the fifth Series of expelrimntCIs to evaluate these adapters using

the dill irtot Iwade txl es 1o the extent that oWi effects observe'd could he noted anld taken

I ut )A-tR11 \\ nt Xln C\ alLU:tim g and( testing- wavegi- ide components,. Tests were per formed

:t I oth hilh andI I' pxiower.

Ii'-uve 1 show s aL typical return signail at low power from) a set of adapters with

pId(Yo'thyltne beads.

V i gore- 2 is aI photogrTaph of the test SetU11) at di e StPh1 .

i.I.2 \Vilve~auide Testf5

0e1 nCof(-hand :I~iuminum t aveguide (air Filled and hlig-h denlsit\' polyfoalin

!1 1ed~ \ l testedl while (Ipritat It Ul(1evlow hotwe c)V1'onditions. F'igur e :, shows, the

0 IXigoile ,dI~ll in tSt P"SitioOn in the SPIZV. tg Ii' I iesents a typiCail photo-

r:ih)Ii I (l tit' lt((IXXh hli 11 i i ll ii o ('0 -1)(I et 10 ! o ail' t ill( d a11lumiUM C-banld

XX\l\ Ltioik oLo';lIic ild :1 Ihll'()\illatclV' IM) liiilhIk\XlttS- L'%\



WAVEGUII)E

-i

Return Signal
Vertical Sensitivity 0.005 volts/cm WAVEGUIDE-
Horizontal Sweep Speed 50,usec/cm ADAPTE

Figure 1. Burst No. 4, waveform of the rtturn Figure 2. Typical test configurati

signal from a set of waveguide-to- Thescompone ctorkt

coaxial adapters(polyethylene beads) The components cwocka
reactor hole were a wa

operating under low r-f power at 5.6 Gc. and three separate set-

to-coaxial adapters.
WAVEGUIDE DUPLEXER WAVEGUIDE CIRCULATOR

Upper Trace: Monitor Signal
.\ IMINIM WAVEGUIDE COAXIAL DUP TEXER Vcrtical Sensitivity t

Htorizontal S\ ceep Spt
.iguure :1. Reactor scene showing a wavegu ide

ILpIeXer (uipper left), an aIumiti-um iowter Trace: Iteturn Signaldup~xer uppe lef), a aluhlumVertical Sensitivity

waveguide test section (just undcr wave- Horizontal Sweep S!pv

guide duplexer), a waveguide Y- junction

cir culator, and a coa-xial dupicxt-r in F'igu're 1. Input and output ý ignai

4.b P tWst position, of aluminum C -band
ating at 100o miLliwatt



WAVEGUtDE DUPLEXEIR
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Figure 1, Burst No. 4, waveform of the rctrn Figure 2. Typical test configuration seen before
signal from a set of waveguide-i- raising the reactor into test position.coaxial adapters(polyethylene beidts) The components clockwise around the
operating under low r-f power ae .;. 6 Gc. reactor hole were a waveguide duplexer

and three separate set-ups of waveguide-

to-coaxial adapters.
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4. 1.4 Cn)axia• Isoldr

% C ~1-9nd, intCrn-l magnet, . j ,oiXi ji');,itor .. t t ii'd li o' r.ieh.1 o- perz;tin I

undeir 1'.x po, er The i!.o_ ,for .. ,; driven in the for.. :.rd direction, ,e . hte

direction of ýoxý insertien los,: A ,[,pical return signA it, .t-o,'n "n FigurL 5.

4. 1.,5 Coaxill Circulator

A C-band ferrite, Y-.junction, coaxial circulator wcas toýstod v.hile oper .ting

under high powver. The antenna port was monitored for changes in the insertion loss.

Figure 6 presents the typical test data of the reaction obherved on the antenna port of

a coaxial circulator operating at high power.

4. 1. 6 Coaxial Limiter

A relatively small reaction has been observed on a gyromagnetic coaxial

limiter in past experiments when operating the component under tow power. However.

in these tests the limiter was operating at power levels below the limiting threshold.

During the fourth and fifth series of tests, the coaxial limiter was driven with the higlh

power source. During the fourth series of experiments it was observed that signal

through the limiter increased by approximately 10 db. This was interpreted as a 10

db transient increase in the limiting threshold of the limiter.

During the fifth set of experiments the limiter was again evaluated at low and

high r-f power. Figure 7 depicts the typical test data of the limiter at tow power (10()

milliwatts) during Burst 12. Similar data were obtained during Burst 13. High power

tests were performed on the same limiter during Burst 14. With on oscilloscope verti-

cal sensitivity of 0.02 volts,'cm, the reaction went off scale. The data shown in Figýure

8 were obtained during Burst 15 with a vertical sensitivityu of 2 volts..cm. For data

comparison the calibration data are. sho%ýn in Figure 9 Thc same limiter was t nder

test during Burit. 1i. but no acceptable data were obta-ined. No sigmal was olaervcd

from the limiter in Burst 16. Calibration photographs Icfore I.urst time were ,ic

ccptat.1e. For Burst 17 a new limitet ' aIs test-eLd Time did ne'. permit ealibra.ion

belore the ra(iiation hutsIt. The da'W,, oletied indica',cd an incr,.as, of ,he signal

h11-110gh t', Imllni!t.Ct L" d ring th)e` I-ut I No silglils c( ld bhe (,li e from ll he. hllte(,r for

cJlliI'l',lhi~l .Oifý~ 'tit, }I-IIISt.

l);ring Il 1sý! t the ,.ii ,,,0l ,.irs,'.. l-, s lt .s t,e l . p, . ; I " e d

ol't I1"it', 1(' ,h pl c!.,':t il l !0
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4.2.2 Transient Radiation Effects in the Components Tested

Waveguide to Coaxial Adapters. The effects observed during the waveguide-

to-coaxial adapter tests are presented in Table I. For the high power tests, the

effects observed for the first pulse, P1, are tabulated separately from those of the

second pulse. P2. Polarities indicate whether the changes were increases or de-

creases in isolation or insertion loss. A positive sign indicates the signal being

monitored increased, and a negative sign indicates the signal decreased. Any changes

in the high power signals levels less than 0. 1 db are considered insignificant due to

the error associated with calibration.

.. The•_•Uwing- explanations are fot Tables I through v: .

. Column 1 of Table I assigns an identification number to each
reaction for reference purposes.

* Column 2 is the burst number assigned by Sperry, i. e., the
first hursnt_d1Urithe.testa w asaseadnumba _ -..............................

* Column 3 gives the change in temperature of the reactor for
each burst as supplied by the SPRF personnel.

* Column 4 is the oscilloscope channel number which re-
corded the reaction.

--- --- Column -& gives theiname o!-the- component bein~g teste&.

* Column 6 lists the power source driving the component.

* Column 7 gives the crystal detector number used to monitor
the signal concerned.

* Column 8 presents the crystal sensitivity as calculated from
the calibration curves.

* Column 9 gives the sensitivity of the oscilloscope channel
monitoring the signal.

* Column 10 presents the magnitude of the deflection observed
on the oscilloscope.

* Column 11 lists the effect in db as calcutated from columns
8 and 10.

* Column 12 lists the signal monitored.

Four sets of adapters (labeled #1, #2, #3, #4) were tested at low and high

power. Rexolite and polyethylene matching beads were evaluated in each adapter.

The following conclusions are offered regarding the wavegulde-to-coaxial

adapters from the data in Table I:

' The average transient decrease in signal level passing through
- - - ... .. the adapters- using Rexolite beads was approximately 0.1 db

while operating-in the 100 mfilliwatt level at 5.6 Gc.

4-10
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TABLE I. RESULTS OF RADIATION I
TO COAXIAL ADAP

HIGH AND LOW

1 2 3 4 5

IDENTIFICATION BURST BURST INPUT COMPONENT UNDER TEST
NO. NO. NO. NO.

1 1 96.5 1 WAVEGUIDE TO COAXIAL ADAPTER #1 (REXOLITE BEAD)

2 1 96.5 2 #1

3 1 6. 5 4 #3

4 1 96.5 8 #4

5 1 96.5 11 #3

7 2 96.0 2 #1

8 2 96.0 4 #3

9 2 96.0 8 #4

10 3 105. 5 2 WAVEGUIDE TO COAXIAL ADAPTER #1 (POLYETHYLENE BEArD

11 3 105. 5 4 #3

12 3 105.5 8 #4

13 3 105.5 11 #3

14 4 106.2 2 #1

15 4 106.2 4 #3

16 4 106.2 8 #4

17 4 106.2 11 #3

NOTES: 1. WHERE THERE ARE TWO VALUES GIVEN, THE FIRST CORRESPONDS TO THE HIGH POWER PULSE (P10,
... . .. . . . .-. DELA"YED- -- 2OO)8COND6FTErJ7 F.SiER TIGGER;-AND THESECOND VALUE CORRESPONDS TO

THE PULSE (P2) - 350 WSECOND6 AFTER THE SPR TRIGGER.

2. POSITIVE SIGNS INDICATE AN INCREASE IN POWER AT THE POINT OF MEASUREMENT.

3. MONITOR: DETECTOR MONITORING THE INPUT SIGNAL LEVEL.
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE.
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE DEVICE.

4. LOW CW - APPROXIMATELY 100 MILLIWATTS CW AT THE COMPONENT UNDER TEST.
HIGH PULSED - APPROXIMATELY 5KW PEAK AT THE COMPONENT UNDER TEST.

__ __- ....-.. .. .. ---------- - I I -



ABLE I. RISULTS OF RADIATION (.qVIIONMINT TISTING OF WAVIGUIDE

TO COAXIAL ADAPTIES AT 5.6 SC FOR I-F

HIGH AND LOW POWER CONDITIONS

6 ,7 8 9 10 11 12

ONENT UNDER TEST DRIVING SIGNAL 4  CRYSTAL CRYSTAL VERTICAL GAIN MAGNITUDE MAGNITUDE SIGNAL 3

DETECTOR SENSITIVITY (MV CM) OF OF
NO. (MV/DB)' EFFECT EFFECT

(MV) , 2  (DB) 1, 2

ADAPER- -- EXOTEB-E---- HIGH PULSED 1 224 100 -8, -6 -. 04, -. 03 MONITOR

#I HIGH PULSED 1 148,144 too +6, +6 +. 04, +. 04 RETURN

#3 LOW CW 13 90 5 -8 -. 09 RETURN

#4 LOW CW 3 22 5 -5 -. 23 RETURN

#3 LOW CW 6 156 5 -5 - 03 VSWR

*1 HIGH PULSED 1 158 100 +6, +8 +. 04, +. 05 MONITOR

f1 HIGH PULSED 1 132, 122 100 -26, -18 -. 20, -. 15 RETURN

#3 LOW CW 13 98 5 -7.0 -. 07 RETURN

#4 LOW CW 3 40 5 -4.5 -. 11 RETURN

L ADAPTER #1 (POLYETHYLENE BEA; HIGH PULSED 1 100,95 100 +5, +5 +. 05, +. 05 RETURN

#3 LOW CW 13 142 5 -10.5 -. 07 RETURN

#4 LOW CW 3 19 5 -5 -. 26 RETURN

#3 LOW CW 6 198 5 -4.5 -. 02 VSWR

#1 HIGH PULSED 1 114,86 100 -- -- RETURN

#3 LOW CW 13 96 5 -10 -. 10 RETURN

#4 LOW CW 3 20 5 -5.5 -. 28 RETURN

#3 LOW CW 6 162 [ 5 -4.5 -. 03 VSWRS03 V 03Rt___ _________ _____- _____I__________

S... .... ....... 12.s9 H / ;i0aP

0ONDS TO THE HIGH POWER PULSE (P1
E SECO-ND VALUE CORRESPONDS TO

INT OF MEASUREMENT.

L.
M.,
DM THE DEVICE.

IPONENT UNDER TEST.
"ENT UNDER TEST.

4-11/12



TABLE II. RESULTS OF RADIATION ENVIRONMENT I
WAVEGUIDE, COAXIAL ISOLATOR, COAXIAL CIRCULAT,

UNDER 5.6 Cc R-F HIGH AND LOW POW

1 2 3 4 5 6

IDENTIFICATION BURST BURST INPUT COMPONENT UNDER TEST DRIVING SIGNAL4 CI
NO. NO. SIZE NO. DE'

(0 C)

1 9 93.5 8 ALUM. W/G (AIR FILLED) LOW CW

2 10 111.5 8 ALUM. W/G (AIR FILLED) LOW CW

3 17 104. 0 8 ALUM. W/G (HI DENSITY POLY) I LOW CW

4 18 94.5 8 ALUM. W/G (HI DENSITY POLY) LOW CW

5 14 84.0 2 ALUM. W/G (SOLID POLYETHYLENE) LOW CW

6 15 90. 5 2 ALUM. W/G (SOLID POLYETHYLENE) LOW CW

7 16 94.0 2 ALUM. W/G (SOLID POLYETHYLENE) LOW CW

8 5 109.0 8 COAXIAL ISOLATOR LOW CW

9 6 102.8 8 COAXIAL ISOLATOR LOW CW

10 15 90. 5 6 COAXIAL CIRCULATOR LOW CW

11 18 94.5 1 COAXIAL CIRCULATOR HIGH PULSE
12 18 94.5 2 COAXIAL CIRCULATOR HIGH PULSE

13 12 98.0 11 COAXIAL LIMITER LOW CW

14 18 94.5 4 COAXIAL LIMITER LOW CW

15 15 90. 5 1 COAXIAL LIMITER HIGH PULSED

NOTES: 1. WHERE THERE ARE TWO VALUES GIVEN, THE FIRST CORRESPONDS TO T11E
HIGH POWER PULSE (PI) DELAYED - 200 ji SECONDS AFTER THE SPR TRIGGER;
AND THE SECOND VALUE CORRESPONDS TO THE PULSE (P2) - 350 . SECONDS
AFTER THE SPR TRIGGER.

2. POSITIVE SIGNS INDICATED AN INCREASE IN POWER AT THE POINT OF
MEASUREMENT.

3, MONITOR: DETECTOR MONITORING THE INPUT SIGNAL LEVEL.
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE.
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM Tfill 1 VICE.

4, LOW CW, APPROXIMATELY 100 MILLIWATTS CW AT THE COMPONENT I %DER
TEST. HIGH P'ULSED, APPROXIMATELY 5 KW AT THE COMPlONFNT ITNI)FF
TEST.

S\AME MANIlNF [1)F OiBSFRVt.I) D [WIN(; BURST 13.

I



TABLE II. RESULTS OF RADIATICý, NVIRONMENT TESTING OF ALUMINUM

"AVEGUIDE, COAXIAL ISOLATOR, c°.,AXIAL CIRCULATOR, AND COAXIAL LIMITER

UNDER 5.6 Cc R-F HIG0' AND LOW POWER CONDITIONS

C 7 8 9 10 11 12
Co)MPONENT UNDEIý TEST ,,;SIGNAL4 CRYSTAL CRYSTAL VERTICAL MAGNITUDE MAGNITUDE SIGNAL 3

DETECTOR SENSITIVITl GAIN OF OF

NO. (MV/DB) (MV,/CM) EFFECT EFFECT
(MV)I, 2 (DB) 1, 2

ALUM. WG UAn FILLED) ' 3 28 5 -1.2. -. 36 RETURN

ALUM. W G (AIR FILLED) 3 160 5 -20. -. 13 RETURN

ALUM. W G (HI DENSITY POLY) 3 66 5 -13.5 -. 21 RETURN

ALUM. W G (HI DENSITY POLY) 3 60 5 -12.2 -. 20 RETURN

ALUM. W G (SOLID POLYETHYLENE) (W 3 75 5 -3 -. 04 RETURN

ALUM. W G (SOLID POLYETHYLENE) I w 3 80 5 -3 -. 04 RETURN

ALUM. W ( (SOLID POLYETHYLENE) 1 w 3 100 5 -4 -. 04 RETURN

COAXIAL ISOLATOR ,, 3 42 5 -4.5 -. 11 RETURN

COAXIAL ISOLATOR ,j C'A 3 86 5 -7.2 -. 08 RETURN

COAXIA! IIT71,:LA'iOIH C-k 12 100 5 2 0.02 ANTENNA
RETURN

(OAXIA. I L('UIATOR PULSE 1 14 144,101 100 +20, +20 - .14,+ .20 MONITOR

(O.\XIA\ WIH('IT .IAOI IIULSE 1 8,6 5 0. 5,0.5 +0.06,+0.1 ANTEN4NA
RETURN

(1()AXIAl, IIMIT., 'A, 6 364 20 -6.0 -. 02* RETURN

(' )AXI\M I,[MITLrN'• 13 62 5 -5.5 -. 09 RETURN

('AXIA[ 1IMITEH 1 ILSI) I 240 2000 +2600 +I0_RETURN

(;IV "N, THE FIRST CORRESPONDS TO - /---- --
ID 200 SFCONDS AFTER THF SPR TF
SPONDSTo TH-lfl PLSF (P2) - 350 ; SEC-

4CHFASE IN P)\\ IE ,\ M FHE POINT 01

UN(L 11. INK Ii SIGNAL. LIFI,.
UIN(; THf VSWR oF 'TIE I)FVICE.
UNtl T11F HI-I"II*N SI(GNAI, FHOM VIlF D)[

Il.LM\AAT'I'S ('W A I Jill- ('MI't)NENI I
AIE AVI Y 5 K W' Al I I I I I ONMI 'ONIN F% IND

2 i 4-13/14



TABLE III. RESULTS OF RADIATION ENVIRONMENT TESTING OF
OPIERATIN6 AT 5.6 GC AT HIGH AND LOW R-F POW ER

2 3 4

IIfFNTIFI('AT1ON BUtiST BURST INPUT (OMIPON1 N: 1)F14 TEST DRIVING SIGNAL 4 
tRYSTAI

NO. NO, SIZE NO. IETE('I ()P
(C) I NO

1 5 109.0 6 COAXI, VULEXER LOW C'W 12

2 6 102.8 6 LOW CA,

3 6 102.8 10 LOW (W II

4 7 97.5 6 LOW CAW 12

58 100.5 f LOA, CAV

1 8 100.5 10 LOW CA 11

7 9 93. 5 1 HIGH PULSE ll

4 9 93.5 2 HIGH PULS'

10 111.5 1 HIGH PULSE 14

10 10 111.5 2 COAXIAL 'UPLEXER HIGH PULSE

",0TES: 1 WHERE THERE ARE TWO VALUES GIVEN, THE ýtRST CORRESPONDS TO
THE HIGH POWER PULSE (P1) DELAYED - 200 i, -ECONDS AFTER THE
SPR TRIGGER; AND THE SECOND VAIJUE CORLý.: PONDS TO THE PULSE

(P2) - 350 1 SECONDS AFTER THE SPR TRIGGER.

2. POSITIVE SIGNS INDICATE AN INCREASE IN POW! k AT THE POINT OF
MEASUREMENT.

3. MONITOR: I)ETECTOR MONITORING THE INPU' IGINAL LEVEL.
VS,'R: DETECTOR MONITORING VSWR Of 'I'1. DEVICE.
RETURN: DETECTOR MONITORING THE HETUIW. SIGNAL FROM TlFY

DEVICE.

4I. LOW (, A PI'HOXIMATEI'Y 100 MIILIA ATTS (\k

1111 H PU LiSli, APPROXIMATELY `,KW P'EAK.

I i iI iI



TABLE III. RESULTS hDIATION ENVIRONMENT TESTING OF THE COAXIAL DUPLEXER
OPERATIN, ".6 GC AT HIGH AND LOW R-F POWER CONDITIONS

6 7 8 t0 11 12

ill I ()MP()NI N! :,T DHIVING SIGNAL4- CRYSTAL CRYSTAL VERTICAL MAGNvrUDE MAGNITUDE S 1614NAL 3
DETECTOR :ýENSITIVITY GAIN OF EFFECT OF EFFECT

* , NO. (MV DB) (MV CM) (MV)I,2 (DB) 1, 2

: ,,OAX1AI. . P 1,0W CW 12 8 -5.5 -. 07 ANTENNA

RETURN

LOW CW 12 78 5 -5.0 -06 ANTENNA
RETURN

I,' LOW CW 11 12 5 -2.8 -. 23 RECEIVER
RETURN

LOW CW 12 68 5 -5.0 -. 07 ANTENNA
RETURN

LOW CW 12 73 5 -5.51 -. 07 ANTENNA
RETURN

LOW CW 11 15 50 -3.0 -0.2 RECEIVER
RETURN

HIGH PULSE 14 160,180 100 -24, -26 - 15,-.14 MONITOR

HIGH PULSE 1 96,107 100 J, +. 06 ANTENNA
RETURN

HIGH PULSE 14 17V, 194 100 -28, -34 -. 16, -18 MONITOR

oAXIAI -.1 HIGH PULSE 1 142,148 1003 -16,-!6 -. 11,- 11 ANTENNA
RETURN

,-li-• .Wi. :AuI ,.\j isl", GIVI'SN, IHI-. I '.P}PEFSPONDS TO

11xl,,! I? PT . i'I Il'l LAYEI) 200 A F AFTER THE
i-iP .\NI ['HI- 5I.( ()ND VAUUE CORRI-. t) THE PULSE

51 NI, SAl H !'I' i . SPR THI(;(;ER.

[; '.'A N1 I ! 10%k - V- 110 IN '* }ii IQhN'I 0

1 t 1 k , I, Mh F1.l 'l NtllN ; I HF ý NP V I' I' I,:
;:1 1'1( ItO) M )NI'I', IN ; VS\SI G1- It
ii" I i t -( N 'I I .'IN IlIY l 1 P iAll 1fil

' iI X I " III 13M A I I '-

"-. I r -S -- \P• I-u A K., I \K E. 4-15/16
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TABLE IV. RESULTS OF RADIATION ENVIRONMENT TIS'

CIRCULATOR AND A WAVEGUIDI PHASE-SHIFT TYPE
5.6 GC R-F HIGH AND LOW POWER CONDITI

1 3 5 6
IDENTIFICATION BURST BURST INPUT COMPONENT UNDER TE, T 'I CRYST-A

IDE ~T SIZE NO DRIVING SIGNAL' DCTYCTOL
NO. N SIZE N.DTCO

(IC) . NO.

1 5 109.0 4 W 'G CIRCULATOR floW CW 13

2 6 102.8 4 LOW CW 1j

3 9 93.5 4 LOW CW

4 9 93.5 11 LOW CW 6

5 10 111.5 4 LOW CW 13

6 11 95.0 1 HIGH PULSE 14

7 11 95.0 2 HIGH PULSE I

8 12 98.0 1 HIGH PULSE 14

9 12 98.0 2 HIGH PULSE I

10 13 96. 5 1 HIGH PULSE 14

11 13 96.5 2 HIGH PULSE

12 14 84.0 4 LOW CW 2

13 15 90. 5 4 LOW CW 2

14 16 94 0 4 LOW CW 2

15 17 104.0 3 LOW CW 7

16 17 104.0 4 LOW CW 2

S17 104.0 1 W G CIRCULATOR LOW CW 6

NOTE: I WHERE TWO VALUES ARE GIVEN, THE FIRST CORRESPONDS TO THE HIGH POWER
PULSE (P1) DELAYED -200 1 SECONDS AFTER THE SPR TRIGGER; AND THE SECOND
VALUE CORRESPONDS TO THE PULSE (P2) ~-3504 SECONDS AFTER THE SPR TRIGGER.

2 POSITIVE SIGNS INDICATE AN INCREASE IN POWER AT THE POINT OF" MEASUREMENT

3 MONITOR: DETECTOR MONITORING THE INPUT SIGNAL
VSWR: DETECTOR MONITORING THE VSWR OF THE DEVICE
RETURN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE I)LVICE

4 LOW CW, APPROXIMATELY 100 MILLIWATTS CW. HIGH PUISED, APM I(OXIMATFLY
5KW PEAK

i I



TABLE I7. RESULTS OF BA. , :O ENVIRONMENT TESTING OF A WAVIGUIDE
CIRCULATOR AND A W GUIDE PHASE-SHIFT TYPE DUPLEXER UNDER

5.6 Cc R-F HIGOi- 0o LOW POWER CONDITIONS (SHIET 1)

5 7 8 9 10 11 12

I N PV'T COMP'ONENT UNDER TEST . L 4  CRYSTAL TCRYSTAL VERTICAI MAGNITUDE MAGNITALDE
DETECTOR SENSITIVITY GAIN OF OF

NO. (MV DB) (MV CM) EFFECT EFFECT
(MV) 1 , 2 (DB) 1 , 2

4 G CIRCUIATOR CW 13 90 5 -14.5 -. 16 ANTENNA
RETURN

CW 13 96 10 -14.6 -. 15 ANTENNA
1 RETURN

('W 13 98 5 -11.9 -. 12 ANTENNA
RETURN

cw 6 -- 10 -3.4 -- VSWR

cw 13 111 5 -16.9 .. 15 ANTENNA
RETURN

PULSE 14 157,174 100 -6, -6 -. 04, -. 03 MONITOR

1 PULSE 1 50,218 20 +5.2, +5.2 +. 10, +.02 ANTENNA
RETURN

SPULSE 14 156, 160 100 -4, -4 -. C3, -. 03 MONITOR

H PULSE 1 56,46 50 -6,-5 -. 1I,-.1I ANTENNA
RETURN

PULSE 14 196,193 100 -4, +4 -. 02, +. 02 MONITOR

PULSE 1 54,59 50 -4, ,.07, ANTENNA
RETURN

,, CW 2 78 5 -7 -. 09 ANTENNA
RETURN

CW 2 86 5 -8.5 -. 10 ANTENNA
RETURN

Cw 2 95 5 -10.6 -. ANTENNA
I RETURN

CW 7 78 5 -5.0 -. 06 MONITOR

CW 2 92 5 -14.0 -. 15 ANTENNA
RETURN

0 f; C'IRI( ULIATOR , CW 6 -- 10 -4.0 -- VSWRI ..... . .. - - ?7
N, I 1! S 1 1 P,-T CORRESPONDS TO THE HI' WER
X'ONI), A 1TIl? THE SPR TRIGGER; AND " 'ECOND

7I ý 350,, SECONDS AFTER THE TR IGGER.

N( hfAý' It, P'(OWEH AT THE POINT OF NI 'If MENT

IRIN, Fl M Nmlrr SIGNAL.
G THE V>' WIv OF THE DEVICE:

fIN ji1: ' FrTURN SIGNA I. FROM 'IHE DL

L) Nit I ,WA 1 I":" CW 11I1 P1'I.SEI), API'I ,'.'gl IN .- IY

4-17/18



TABLE IV. RESULTS OF RAfIATION ENVIRONMENT IETI
CIRCULATOR AND A WAvEGUIDI PHASE-SHIFT TYPE

5.6 GC R-F HIGH aND LOW POWER CONDITIO

1 2 3 4 5 .

rIDNTIICAION~VBR~, ~BURST INPUT COMPONENT UNDER TEST r, ING SIGNAL 4  'YTI'IDENTIFICATION B R T BURS 1,U'

O N SIZE NO. j DETECTOIiNO.• NO
(C) 1 NO•

18 11 96. 10i W GDUPLEXER OW 1

19 2 96.0 6 CW 12

20 2 96.0 10 C( CW 15

21 3 105.5 6 v( CW ,2

22 3 105.5 10 (', CW 15

23 4 106.2 6 (Ow CW 12

24 4 106.2 10 OW'V CW 15

25 5 109. 0 1 ll,i H PULSE 8

26 5 109.0 2 SIGH PULSE I

27 6 102.8 1 "T;H PULSE 8

28 6 102. 8 2 1, iH PULSE I

29 7 97. 5 1 .t;H PULSE8

30 7 97.5 2 T( H PULSE I

31 8 100.5 1 ;I';H PULSE

32 8 100.5 2 liH PULSE I

33 9 93 5 6 4)w CW 12

34 10 111 5 6 ()W CW 12

35 11 95 0 8 UW CW 3

t 12 8 0 8 'W G DUPLEXER A'W CW 3

NOTll 1 WHERE TWO VALUES ARE GIVEN, THE FIRST CORRESPONDS TO THE HI.• POWER
PULSE (PI) DELAYED -. 200 p SECONDS AFTER THE SPR TRIGGER; AND IlE SECOND
VAIUE CORRESPONDS TO THE PULSE (P2) - 350 i SECONDS AFTER THY i'R TRIGGER.

2 POSITIVE SIGNSINDICATE AN INCREASE IN POWER AT THE POINT OF NH ST'REMENT.

,1. MONITOR: DETECTOR MONITORING THE INPUT SIGNAL
VSWR: DETECTOR MONITORING TIlE VSWR OF THE DEVICE
RETUIRN: DETECTOR MONITORING THE RETURN SIGNAL FROM THE 0I." .

4 L.OW CW, AIPP'HX-TMA'IA'l F 1 100 MILLIWATTS CW. HIGH PU.JSED, A'I'W' "MATELY
5KW PEAK



iatLI IV. RESULTS OF RAO! INVIRONMENT TESTING OF A WAVEGUIDE
CIRCULATOR AND A WA Of PHASE-SHIFT TYPE DUPLEXER UNDER

5.6 GC R-, HIGH A - POWER CONDITIONS (SHEET 2)

- 7 8 9 10 II 121 A;ILE MAGNITUDE SIGNAL 3 7n i'D' f ET!I, •'l4[I'RYS-T-AL CRYSTAL VERTICAL, MA(;TITUDE MGTDE GNL

DETECTOR SENSITIVITY GAIN OF OF
I NO. (MV/DB) (MV CM) EFFECT EFFECT4 (MV) 1, 2  (DB) 1, 2

, .:XE}) 15 30 5 -19.8 66 RECEIVER
RETURN

- -A 12 108 5 -15.1 -14 ANTENNA
RETURN

15 73 10 -38.0 -52 RECEIVERRETURN

f 12 107 10 -22.0 - 21 ANTENNA
RETURN

15 60 10 -30. 0 -. 50 RECEIVER
RETURN

12 100 10 -22.0 - 22 ANTENNA
RETURN

15 66 10 -34. 0 - 52 RECEIVER
S22RETURN

ti! 1,S E 8 220,226 I00 +20, •20 40. 1, +0. I MONITOR

1) 'iLSE 1 180,170 100 -18, -10 -. 09, -. 09 ANTENNA
RETURN

I LSE 8 200,212 100 +20, 422 +. 10, +.10 MONITOR

I 6SE 1 ,148 100 -22, -22 14,- 15 ANTENNA
RETURN

I s.sE 8 182,206 100 118, 420 + 10, 1. 10 MONITOR

11 1S; 1 145,137 100 -16, -10 -. 11, -. 07 ITENNA
RETURN

ii IE 8 186,190 100 +30, +38 +. 16, +.20 MONITOR

I' 1.E 1 96,104 100 15. -16 1 - 15, - 15 ANTENNA
RETURN

12 73 5 -117 16 ANTENNA
RETURN

12 83 5 -15.9 -19 ANTENNA
RETURN

3 76 - 120 1:; ANTENNA
RETURN

. ,I 52 5 -12., -24 ANTENNA
RETURN

r: :I, )I PI'(. NDS ") "rT lE; 1I(

,) \, I Vl 'lr I,' SII l TRIGGER ; AND Tl'i
I.:'• ,' ,,•1 SI,(()NflkS AFTER TH-F SI

)1. *'.. !'. i'V ,J I ' A` THEl ['i)IN 'Ofl MI% '

RN -4r;'1A. I tIM ,1 2i IH .t% VI'
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TABLE V. SPE F' BURST DA PA R)N YfIL El F' SPERRY MICROWAVE
ELECTRONICS ('OMPAX\ EXPEl i�...NT A TESTS
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" Under the same conditions, the average transient decrease in
signal level passing through the adapters using polyethylene
beads was less than 0. 2 db or approximately twice that of the
Rexolite beads.

" No significantly different results were observed when operating
under high pulsed r-f power conditions.

Alumninum Waveguide Sections. A one-foot aluminum waveguide section

(using waveguide-to-coaxial adapters, Rexolite beads), air filled, solid polyethylene

filled, and high density polyfoam filled, was evaluated at low power. Using the same

adapters, tie average transient decrease in signal level through the air filled and

high density polyfoam filled waveguide was approximately the same at 0. 2 db. The

solid dielectric polyethylene reduced the observed effects to 0. 04 dib. The data are

tabulated in Table II.

Coaxial Isolator. The data in Table TI conclude that the average transient

increase in insertion loss of the coaxial isolators tested is 0. 1 db at low power and

5. 6 Gc. This is a value somiewhat higher than tile 0.02 db reported in tile Sixth

Quarterly Report.
6

Coaxial Circulator. The coaxial circulator, according to Table II, exhibited

an average transient increase in insertion loss of 0. 02 db. This is in good agreement

with data previously taken on this component. The tests were performed at approxi-

inately 100 milliwatts at 5.6 (;c. No significant transient effects were observed while

tile component was operating under high power.

Coaxial Limiter. The following conclusions were reached from Table II re-

larding the coaxial limiter tests:

"* The average transient increase in the insertion loss of tile
coaxial limiter operating at approximately 100 milliwatts was
0.02 di. (This is in good agreement with previous data.}6

"* The average transient dec rease in the inse rtioin loss, i. e.,
inwcrease in the signal from the coaxial limiter operating at
approximately 5 Kw, was greater than 10 d1.

When operating at low power, the coaxial linlitelr is opecating below the threshold

limiting level; therefo e , at this ilwwer level, it may h)e expeected to show an increase

in Insertion loss doe to imnizatie l which the tests substantiated. When the limiter was

operated at 5 Kw, h wever. the limiter is operating above the limiting threshold. It

is reasonable to assuoime that the pulsed radiation on the component may deteriorate

hile limiting action. Thw tests indicated that the limiting action of the device was

4-23



temnporarily deteriorated to a great extent upon exposure to radiation wvhile npvratin,,c

:t high power levels.

A full explanation of cause of the large transient effects observed in the

limiter are not presently formiulated. As mentioned previously in Section 4. 1. fi, both

limiters tested at the SPP.F apparently were in a non-operating condition even at low

power just after the high power i'-f tests in the pulsed radiation environment.

These limiters were rechecked at low and high r-f power (no radiation
"Ma ii Innient) approximately two mionth later and seem to he in normal operating

ctaclit ions. The typical measured op'~rating characteristics at low power are shown

in Figure 19.

The limiter exhihited ap~parent normal operating charvaceristics at high power

in tl Itest,; two months after evaluation in the radiation environment. The limiting-

ociaraiottristics are depicted in Figure 20. Examination of the structure revealed noi

týVidence of r-f arcing.

AV (;C I I
1A, l

LA N)\\I END 1.1 II

HANI:(ip i: 
ix ii 

l

Figunre 19. l 'Xv l)IIv.r ( hariact (list Iic: ()I uyrI Iliadgicic c )Lo)li I
liniiter, Serial No. 1, aplpr(Ixiniatelv twil iniitiits Itt~cl
I)LIISed rad~itit 1)1 te('sts.

O-N



Since radiatim i daninae I hrusht ild" ini fern iinigiie tic cern illi ic 111t-ir a s have

h eenl measured to lbe quiite' high (apprui ii iiitely 10 0 neutrmiils c 0 I ),te ol served etfects

are noct attnrihuted to chano-es in the chara clecSticS 14 the shylu~ crvyta yttrium iWon

g'arnet material used in the 1 imiiter.

Thle limiter is a fine tuned device ais shown in FiguLre 1N. Any changes in the

magnetic biasing field stronigly affects the r -f signal coupled lthruugli the limiter. It is

epctdthough11 that any changes o)f this type (similar effects wouild be noted as a functioui

i)f temperature) woul reduce the output signal of thle timitler. However, any signal changoes

due to alterati ns in the magnetic biastng field sho.ul icIncur at both high and low power.

The limiter is coimposed of two crossed, very narrow- stripls between which the

c-f energy is cuiupleci by a small (0.M 02'dameter 0. 1). ) singte crystal sphere of Yt triunIl

ii' ini garnet ntagnet ically bliased to ferriniagnetic resonance at the operating frequenicy.

Nor mally, all of thle r-f energy passing, from thle input strip to the output strip must be

coupled throuigh the sp~here. The sphere is encapsulatedl in a teoflon hotder which also

spaces thoe strips approximtl .00 apart. The radiation test data indicate that during

the nuclear burst, energy is coupled direct ly fro in strip too s trilp, bypassing thle ytItriuni

in in garnet coupling, sphre ie. In other termis, the dyna mi c range (1i niliting range) of the

limiter seemis to) derease . However. no lpuke radiation data have been coil lectedl be

tween the 100 milWatt r -f power level and the 5 1Kw level ti verify this.

The apparent pci' manent da niage aindI t~q hem ' t vt'i is si imewliat pu.li ahg unk"les

tihe i'lai'at'tem'istic's It thle te'flonl sphere hidh'm' and -,pacer arc teniirwarilv a ite red

/0

I -- A
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Wu to4 the radiation. Hlowever. evidence oA anyv effects such as this shoud also have

beetn observed in low r- f power experiments. Low power tests have always indicated

ve~ry small transient eflects. T'he coincidence of the high r-f peak power and the

IU15eCd nluclear raiailitioni 5Oeenis nvcessa-rN to p~roduce thle Undesirable operating chari-

aceterIistics.

RedeOSignl Of the lirniter struc(tureC itself may be required to eliminate the oh-

st4rv4(- t ransient effects at hi-gh r- f power~.

Coaxia I Duplecer - Li ni ir. The 14 diowing conc lusions are offered from the

dhi)a ot Ta be III cm cern it, the coaxial dup lxer tested:

9 The ave rage transient increase in insertion loss of the
coaxial uluplexer operating at approximately 100 milliwatts
was 0.07 db (in agreement with previous results).

"* The average transient decr"ease in the signal level from
the receiver port of the coaxial duplltxer operating at
approximately 100 milliwatts was 0. 2 db.

"* The average transient decrease in insertion loss of the
coaxial duplexer operating at approximately 5 Kw was less
than 0. 2 dh for Pl or P2.

The level { It the signal from the receiver port (throughl Lvrmagnetic coupling

limiter) did not increase as noted tor the individual tests onn the limiter because of the

h 4w level of the r-f signal incident at the limiter. This port is isolated by approxi-

nidt lv .30 di, trom the input signal.

Waveguide AJu0111 cI in L co at 441. The datIa ill Table 1V ICegardl ng he wvegide

ll0 1 diCate' the 14)I11 WiIliý4C t c lose1 inl,,

"* The average transient increase in the insertion loss of
the wvave-uide circulator ope rating approximately 100 milili-
watts at 5. 6 CAe was ft. 13 db (approximately twvice that re-
ported inl the Sixth Quarterly Report).

"* The iavi'age transhii t iiii i'veA iniiu theisei'ti~i loss o f the
%%aveguidie circulator o' perating at approximately 5 Kwv at
5. 6 Ge mas Ics t5hain (0. 1 tlt ) (alit)ro ximiately the same as

at lo4w power~i).

"* No si .nificant ithailLL4 wuv~c 14t45e1'd iii tAn signal 142\41
ti>lin the rece iver poct. (See FEtuocle 9.)

1414144 d trIim~ii Ali CtAti d Thit41 IV 4mi the wavilgoiib dujplexerc

*The a.i~ ecag4 tran:si~llt InlCrease iti insertio4n loss (antennla
retuirn) 41 the W44gid lupltexer Opei(ratuing at 1low poi'\'P
(appoxiniiati-lv 1ttt iniltiwvitts) it 5.0 G G was less than 0). 2 411).
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* The average transient decrease in isolation (receiver return)
of the waveguide duplexer operating at low power (approxi-
mately 100 milliwatts ew) at 5. 6 Gc was 0. 5 db.

* The average transient increase in the insertion loss (antenna
return) of the waveguide duplexer operating at approximately
5 Kw peak at 5. 6 Gc was less than 0. 25 db (essentially the
same as observed at low power).

The transient effects observed for both the waveguide circulator and wave-

-uide duplexer are near tile magnitude observed for the adapters as reported pre-

viously. A waveguide-to-coaxial adapter is required on each port of these components

when performing tests at the SPRF.

4-27
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4.3 DOSIMETRY

The burst magnitude data provided by the SPRF personnel at the time of the

experiments are summarized in Table V. The change in bulk reactor temperature

during the burst is given with the total number of fissions which occurred during the
7

burst. The latter parameter is calculated by means of the following relation:

Total number of fissions A5T ( xC) 106

The dosimetry support given by the Sandia Corporation Nuclear Measurements

and Dosimetry Sect ion consisted of the following:

(a) Four sulfur pellets per burst to measure the integrated
neutron ( E > 3. 00 Mev) flux at each component.

(b) One or two each per day of pultonium, neptunium, and
uranium fission foils enclosed in a boron ball to measure
the integral neutron fluxes where

E > 0. 01 Mev for Pu threshold
n

E > 0. 7 Mev for Np thresholdn

E > 1. 5 Mer for U threshold
n

(c') Two gold foils for each burst. one of which was cadmium
covered, to measure the integrated neutron (E > 0. 4 ev)
flux.

(d) One glass rod (in lithium cylinders) per burst to measure
the integrated V-ray dose in rads H2 0. (In this definition
I rad is the amount of Y radiation necessary to produce a
100 erg/gram energy absorption rate in water. )

Ome to t•wo sets o f issiol ftoils (item b) wer, used per day of testing. The E > 0. 01n
Meh,-. E > 0. 7 Mev and E > 1. 5 Mev integral fluxes for the other bursts obtained

that clay may be dteterminecd fro()m the values measured during the burst in which the

. .i.l-s--wert-pr.Pet -t +-y in•terptol-itin pIrs-•vid thit-+t4 ma-s-s-urr)undlig-the-eaetor -is - -

not changed appreciably. A ratio of burst to burst integral fluxc,,, (E > 3. 0 Mev), as

measured by the sulIur pellets, may be used to calculate the equivalent fission foil

fluxes for the other bursts olbtanlecd during the day. This l)rocedure was suggested by

SPRF persomnel. 8
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To obtain the maximum dose rates from the integral quantities reported by

the Nuclear Measurements and Dosimetry Section, the following procedure9 was

followed. The reactor period associated with the burst is denoted by T. The width

of the neutron pulse at one-half maximum, Tw. is given by Tw = 2. 86T. For a

50-microsecond wide pulse, the period is 1.75 x 10-5 seconds or 17. 5 micro-
4 -1seconds. The reciprocal reactor period a = I/T is 5. 72 x 10 sec. The ratio

of peak fission rate to total fissions is

mta~x 01 1.4 x14F= 1.43 x 10 /second for a 50 p sec pulse.
Ftotal 7

The neutron flux above 3. 0 Mev is measured by sulfur pellets, which is

about 14. 5 percent of the total flux above 10"Kev. The first collision tissue dose is

related to the sulfur flux by D1 = 1. 66 x 10"-Bs . About 80 percent of the total

neutron dose is delivered during the prompt criticaLburst-and the remaining 20 per-

cent during the delayed critical portion of the burst.

Approximately 75 percent of the total gamma dose is delivered during the

prompt critical burst, and the total gamma dose is approximately 10 percent of the

total neutron dose. The peak gamma dose rate then becomes 1.9 x 10- 2 D 1 T, wheren
D is the total neutron dose delivered during the burst and T is the reactor period.

The results of these type calculations giving dose rates along with the integral doses.

where available. are given in Table VI (which appears at the end of this section).

4.4 SUMMARY OF RESULTS

Table VI presents a summary of all the radiation transient effects observed

together with the dosimetry report (magnitude of radiation burst) for each component

tested.

4-29/130
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SYMBOL DEFINITIONS FOR V TL Lr VI

S = DIFFERENCE BETWEEN CENTER OF RADIATION BURST AND
CENTER OF PI (MICROSECONDS)

E n = INTEGRATED NEUTRON FLUX 3.0 Mev (NEUTRONS, cm2

E n. 5 = INTEGRAL NEUTRON FLUX 1. 5 Mev (NEUTRONS/cm
2 )

E
no=.WT

•n0.6 = INTEGRAL NEUTRON FLUX 0.7 Mev (NEUTRONS/cm2)

- ---- - - E0.-01- -4NTRPCA"L.UTRO--UYX0.OtL-tAN(EUTRON&jcmn 2)

Dn = FIRST COLLISION TISSUE DOSE OF NEUTRONS (RAD6)

= 1.66 x 10-8 Ens WHERE 1.66 x 10-6 IS AN EMPIRICAL NUMBER

Tw = RADIATION PULSE WIDTH AT ONE-HALF MAXIMUM OBTAINED
FROM SPRF PHOTOGRAPH (SECONDS)

T = REACTOR PERIOD 1 . T, WHERE Y IS AN EMPIRICAL

NUMBER (SEC.)

R = RATIO OF PEAK NEUTRON FISSION RATE TO THE TOTAL NEUTRON

FISSIONS = I-

D = INTEGRATED GAMMA DOSE (RADS)g

Dgr = PEAK GAMMA DOSE RATE (RADS/SEC.)

NOTES:

* Power level delivered to the component under test H p 5kw
) Low cw I00 mifllwatta

** Positive sign indicates the center of the radiation burst was ahead
of the center of Pl.

*** EnO. 0--1 was-1cuatcassuming s ns . 145 E n. ui.

•~ ~ ~~~ J



2 3 4
INTEGRATED)

BURST COMPONENT POWER S** NE('TON FLUX
NUMBER EXPOSED LEVEL* (MICROSECONDS) E'n,

HNEU'rRONS, C(1

1 W/G TO COAXIAL ADAPTER #I HI PULSED 0 1 05 x 1012

•ALLY VI (REXOLITE BEAD)
W/G TO COAXIAL ADAPTER #3 LOW CW 1. 3 6 x 1012

(REXOLITE BEAD)

RADIATION BURST AND, W/G TO COAXIAL ADAPTER #4 LOW CW 1. 35 x 1012
(REXOLITE BEAD)

W/G DUPLEXER LOW CW 1. i5 x 1012
ev(NEUTRONS cm2 )

2 W/G TO COAXIAL ADAPTER fI HI PULSED 0 '1;. ',i x 101I

(NEUTRONS 'cm 2 ) (REXOLITE BEAD) 10
W/G TO COAXIAL ADAPTER #3 LOW CW 1. ?8 x 10

(REXOLITE BEAD.
W/G TO COAXIAL ADAPTER #4 LOW CW 1. ,;7 x 10i2

(REXOLITE BEAD) 12
(NEUTRONS 2 cm2 W/G DUPLEXER LOW CW i. Gu x 10

NEUTRONScm
2 ) cm 2 3 W/GTOCQAXIALADAPTER.L +15 _ . V' x 10

1
i

(POLYETHYLENE BEAD)
UTRONS (RADS) W/G TO COAXIAL ADAPTER #3 LOW CW 1 11 x 1012

(POLYETHYLENE BEAD)
AN EMPIRICAL NUMBER W/G TO COAXIAL ADAPTER #4 LOW CW I1. Ih x 1012

(POLYETHYLENE BEAD)
LF MAXIMUM OBTAINED W/G DUPLEXER LOW CW 1.91 x 1012

12.-6 IS AN EMPIRICAL 4 W/G TO COAXIAL ADAPTER #1 HI PULSED +20 55 x 1•)1

(POLYETHYLENE BEAD)
W/G TO COAXIAL ADAPTER #3 LOW CW I .11 \ 1012

TE TO THE TOTAL NEUTRON (POLYETHYLENE BEAD)
W/G TO COAXIAL ADAPTER 44 LOW CW 1 21 x 1012

"(POLYETHYLENE BEAD)
W/G DUPLEXER LOW CW 1. 64 x 1012

5 W/G DUPLEXER HI PULSED +20 1. 73 x 1012

W/G CIRCULATOR LOW CW 2.05 x 1012

COAXIAL DUPLEXER LOW CW .43 1012

nent under test Hi pulsed - 5kw COAXIAL ISOLATOR LOW CW .43 x 1012

1LAow ew -- 100 milliwatts 6nn ne etLwc -I0mliat W/G DUPLEXER HI PULSED 0 . "32 x 1012

of the radiation burst was ahead

W/G CIRCULATOR LOW CW 1.38 x 1012
c'____ ___ ___ _____.. . .... . .._O__. . .. . . .. . . . • 14Kx10l2? _

0n15>s0-.-- ~------ --- COAXLAI1~PEER .LWW

COAXIAL ISOLATOR LOW CW 1.38 x 1012

7 W/G DUPLEXER HI PULSED 0 1.55 x 1012

COAXIAL DUPLEXER LOW CW 2 12 x 1012

8 W/G DUPLEXER HI PULSED 0 1. 6' x 1012

COAXIAL DUPLEXER 2LOW OW 08 % 1012



TABLEVI. NEUTRON ANDY-RAY DOSIMETRY PROViDING INTEGRAL DOSE AND DOSE RA

TO THE MICROWAVE COMPONENTS AND THE OBSERVED EFFECTS (SHEET 1)

3- -5 -,---- 7- - 10 1112

INTEGRATED INTEGRATED NEUTRON FLUX (BORON PALL) INTEGRATED NE I'Tl NEUTRON

POWER NEUTRON FLUX (NEIUTRONS'cm2•1 FLUX*** TISSUE DPULSE REAC

L E V E L *M \( 1 It M -I'I? E sE 
l 0 0 1 (C A L C V I , ' " D O S E D n T w (S E C .) T (S E

(NEUTR
8
NS/cm2) En 1. 5 El 0. 6 E1 0. 01 (NEUTRONS t,' (RADS) -(

HI PULSED) 1. 05x 1012 2.25x 1012 4.44x 1012 6.32x 1012 7,24 x 1012 1.74x 104 .11x 10-6 14.3 x

LOW CW 1. 36 x 1012 9.38 x I01 2, 26 x 104 41 x 10- 11 3

LOWCW .35 x 10
1 2  9.31 x Iol' 2.24 x 10

4  41 x 10-6 14.,,

LOW CW 1.65 x 1012 1. 14 % 101:

2.74 x 104 41 x 10-6 1-;

HI PULSED) 6.59 x 1011 i 4.54 x 101
1.09 x 104 40 x 10-6 1,1.0

LOW CW 1.628 x 1012 .3 x 1012
LOWCW .67x il2 .15x 113 2.2 ~.1040 " 10 14.02. 77x . 10 40x10- 14.x x

LOW CW 1.60 x 2062 4.100x 14 1-
2.6 1 x 104 40 x 10-6 14 0 x

012 x~ 10I0x10 6 1 .

LOW CW 1.11 x 10
1 2  7.60 x 1012

2.84 x 104 40 x 10-6 14 0 x

LOW 6W -17 x 1012 7.259 x 4121. 02 x 104 40 x 10-6 1 ~

LOW CW 1. 911.3 1 2  x I01 10
3. 87 x 10 40 x 10-6 14.0 \

HI PULOSE 5. 55 x 101 7. 53 x 101.2

1)21 x 104 41 x 10- 14 3 ,
LOW CW 1. 91 x 1012 D.6x (I

L21. 4 x 10.1 41 x 10-6 . 3 x
LHW CW 1.21 x 1012 8.35 x 1012

21 41 x 0 14 3
LOW CW 1.64 x 1012 1.13 x I0I 4 -

2. 72 x 104 41 x 10-6 14.3 x

HI PULSED 1.73 x 1012 2.82 x 101 2  4. 70 x 1012 . 06 x 101 2  1. 19 x01

2. 07 x 10 42 x l- 14. 7 3
LOW CW 2.05 x 1012 1.41 x 10 1:

LOW CW 1.43 x 1012 9.86 x10'
1

• 3.40 x10"t 42 xl 10 It.

LOW CW 1.43 x101 2  9.86 x10 1 2  2.17 x 104  42 x10-6  14.72.37 x 10 42 x 10" . 14 ,.3

HI PIULSED .152 x 1012 1.05 1 14. 74 1 10c 1 113

2. 62 ,. 19 4 x 100-6 143,

LOW CW 1.38 x 1012 9.52 x 102 -4
LOW CW 2. 1 43 x 1 0 2 9 - 1.48 x 101o 2. 29 x 104 41 x 10-6 14.3 ,

3. 55 x 104 41 x 10-6 14. 3
LOW (W 1.38 x 1012 9.52 4 ix120

2. 29 x 104 41 10-6 14. 3
HI I'ULSEI) 1. 52 x 10

1 2  1. 07 x )121

2. 57 x 104  49 x 10- 1 . I,
LOW CW 2. 12 x 10 1 2  1.42 x101$ 4

3. 52 x 104 41 x 10-( 14.3,
HI PILSED 1.67 x 1012 1.151 x 1013

W21 l7 x 104 49 x 10-6 15. 7

I.I

LO (W2. 8 x 0 2 I 1. 46 01 3. 52 x 104I 4 9 x 10-6l 17. 1 ,II PLED1 6 1121 1 g11 .17 o 5, 0' 5 7



TRY PROVIL EGRAL DOSE AND DOSE RATE EXPOSURES

PONENTS Af ,[RVED EFFECTS (SHEET 1)

9 11 12 13 14 1 I13

EN Ti ' .L RACO PEAK INCII)DENT IN .I 'RA [IAl' PFAK INCII)ENTr E D N E U T R O * t :• I' , s P.-; R E A C T O R R N EI" T t ( N YI . L. X G A M MI NA G A M M NA P D A I N l
,U X ***' W ID T th PER IO D "lN IT O vr xI{MG A M A DIlA T ItON !
ALCULATD ; ', (.OEC. T1, SECT. .REn 0. 01 (CAICI'IAIEDC II)AISE ),A.I I)sE I),r
ONc 2 (SEC. r (S. (NEUTRONS cw2 RFC, PAD) RADS SEC.)

R0, .. . ... ... . ... . I MON

24 \ 1012 . ; 1 \ !0- 14.3 \ 10-6 1 75 x 104 1. 27 x ho1 ' I5 \ 1.): 2.28 x 10 0, 04 DB INCREASE IN MON0. 04 DR DECREASE IN INSI

38x 1012 41 \ 0 It 1.3\ 10-)' 1.75\ i04 1.64 \ 1(, ."7, l. ' 2 97: 10 0.09 DB INCREASE IN INSE
S0.03 DB INCREASE IN VSWI

31 x 1012 1' *.110-6 14.3x10- 6  1.-.5x1.3\ 101 2.' " 2.94 10 0. 23 DR INCREASE IN INSE

14 x 101:3
14 -i \ 10 -" 14 3 x 10-t) 1.75 x 104 2 o0 x 101 34jx 10 3. 50 x 107 . ' , , \ " -

54 1u12
* . I 4o \ 10-( 1 .0 X 10-1 1. 79 x 104 i. 13 x 101'; 2. 10 1. 40 x 10' 0. 05 DB DECREASE IN MW)

83x 1012 O. 18 DR INCREASE IN INSE

40 x 10-HI 14.0 x 10-6 1.79 x 104 1. 5h x 101t, x 10 2 85 x 107 0.07 DB INCREASE IN INSE

15 x 1013
10 X 10-'i 14. 0 x 10"

6  1. 79 x 10
4  2. Of x 1017 0. ) x 103 3. 72 x 107 0. 11 DB INCREASE IN INSE

10 x 1013
l 3 , .'.- loh 1 .0 x 10-6 1. 79x 104 1 '\1 o17 4 07 103 57 7 10'7 . 14 D11 INCREASE IN INSF

0. 52 DB INCREASE IN [SO1
26; x 1012

4o1 Iu-' 14 ,-0 x 10-6 1 79X 7"13 \ (1111' x ý'3 1.37", 10' 0.05 DI DECREASE IN INS]

;t x 1012
t, 14. 0 x 1 0 -C 1. 79 x 104 1 3 7 x "()I I [3)3 2.47, 10' 0. 07 DI)1 INCREASE IN INSF

50 X 1112 0. 02 DB INCREASE IN VSW

10 101  14.0 x 10-6 1.79 x 10
4  1. '16 \ 10 17  3.41 \ 10o 2.46 x 107 0. 26 DB INCREASE IN INS1-

311x 101:1
10;1. 1Y-' 14.0 \ 1-3 1 79 x 10

4  
it2 .5 .x117 4. i )\ 13 4. 21; : 107 0. 21 DB INCREASE IN IN.'4

,0 41. 02 .30. 50 D i IN C R E A S E IN IS 0 1

83. 01 2

1\ 10-1i 14 3 x 10-11 1 75 x 104 7 .0 21'' 12 \ 103 1.21 x 10t; NO CALIBIItATION ON ADA

6c ' 1012

41 \ lo- 14. 3 x 10- 1.75 \ 104 1.34 x 3117 4 8,) \ 103 2.42 x 10' 0. 10 DII INCREASE IN IN>1I

35 x 1012 
0. 03 DB INCREASE IN VSW

.i\10'- 14 3 x 10_' 1. 75 x 104 1. 41 \ 1017 3. 1 , 2. f34 x 107 0. 28 DII INCREASE IN [NSF
13 \ 1013

i• \ 0- 14 3 x 10-f 1.75 x 104, . l 1' , 1,.)11 3.574 j07 0. 22 DB INCREASE IN INSI
o. 52 D)I INCREASE IN ISOI

19 101:1
[2 ,- 14. 7 x 10-ti 1. 70 \ x 2 o2 1 l9

1 4. t1 \lý 3. 66I; x 10' NO CALIBRATION ON MON

41 x 1013 
0. 09 DI1 INCREASE IN I NSI

81. 1012 12 1 1-' " 4.7 x 10-6 1.70 x 104 2.40 1o17 4. 15 x 103 4.34 x 10' 0. 16 DIB INCREASE IN INSI
80 ', 1 2 ' ? \ 10- 14. 7 x I-6 1. 70 x 10 1. 0 x 10)I 4 ,40 \ 103 8.302 x 107 0.07 D1 INCREASE IN INSI-

820 1., 14 7 x 10-6 1.70 x 104 1.068 x 1(17 I. 10 \ 10 :.02 x 107 0.11 DR INCREASE IN [NSF

10 14 3 \ 10-0 1.75 x 104 1.(4 \ 101' 3 -1 j \ 103 3 40 x 107 0. 10 DI) DECREASE IN IN)

5)2 \ 1o',0. 15 I111 INCREASE IN INSI:
48 \ loll " 1 ' 14.3 x i0-6' 1.75 x 1k4  

1.87 \ 10.-' 3.2: 1 I'1) 3 \ :li4 x 107 0. 15 DR LNCREASE IN INSI

1 41 1 )- 14.1 x 1 0 -6 i 1.75 x 10'1 2 51 x [1017 .4 ;•t \ 103 4.00d x 10'• 0. 2:1 )11 INCREASE; IN ISOt
52 \ 11112 

0'. 0 DR INCREASE IN INSI

7 % 
1 1 1 10 1,..3 x 10-

11' 1.75 x 104 1. 67 \ 101. .2'j) \ 103 3 01 x 10) u.08 5D3 INCIREASE IN INSF
'1 :3 7o1 0.2 I N RE S N I

l, o- 14 1 \ 10" 13 1.4 x 101. 2 99N 101 .. h, \ 1t, 2.81 x 10' 0.10 DB INCREASE IN MO'

4u; , 1( 
0. 09 D)1 INCREASE IN INSI-

0'7 I - i . 1 . 1 W'' 1.40 x 10't 2 13 \ 01 3. 2. 8 x 107 : i.07 D11 IN C R EA SE IN [N SF

15 \ I3M13
0,'* 15. 7 10 h) 1 1. 5"t) \ 1041 1 : 1017 ,5 •; . 9 x 1 7O.llD N". . . .. "

4:17 3 1113{ 7 o. 15 DR DI

4-3I 1,-'' V 7 - 1'- 1.5 4 x 10 2.27', 1 7 • :1 \ I
3  4. 11 x 1o u. 07 I)1 IN

"" 2.0 D11 INC



NO DOSE RATE EXPOSURES
CTS (SHEET I)

1 12 13 1 15 1 17

S RETOR PEAK IN',-1LNT 1"1 (;IATEI1 P'KAK INCIDFNTY REACTORI? K oN F U

TH PERIOI) (I IS NIl FR()N FLUX , -AMA GAMMA IIAI)IA'rION E -FECr ON ('OMPONENTSIE.) Y 'SC.t 1SEC. 11%'; 0. 01 IC.AICItIATFI'H '' .SE Ivr iI.SE 1)E l

'C.) r (SEC. 1' 131 N. n S
2 

SEC, ?ADS) IIADS S C.t

l0-b 14.3 ",. 10-'' 1 75 \ l~• I 27 .& •" \ 102. 28 x 107 0.04 DII INCREASE IN MONITOR SIGNAL, P1 & P2
0.04 D11 DECREASE IN INSERTION LOSS PI & P2

10-1 14 : N Io-' 1. 7;, " 1"I r ,: 2, 97 x 10o 0.09 DII INCREASE IN INSERTION LOSS
0.03 D11 INCREASE IN VSWR SIGNAL

10- _" 1 7,4 '.07 0. 23 DII INCREASE IN INSERTION LOSS

10-• 1 ; 3 ".10-'ý !. 77{' x 0 ::• {I:q4, 10*13 0 07.. • Px xt I0" :i. w" x \it t\,

; 14., 0 x 1-' 1. . l• ,./. 1' 2. ,0 x l0a 1. 46 y 10 0. 05 DB DECREASE IN MONITOR SIGNAL, Pl & P2
0. 18 DB INCREASE IN INSERTION LOSS PI & P2

10 1, 14. 0 x 1))". 1. 79 104 1 -, 10' . 5 x 103 2, 85 5 107 0. 07 DID INCREASE IN INSERTION LOSS

10-' 14.0 x 10" 1 79 I '2 1 I117 o .) x 10 '1. 72 \ 101 0. 11 DI)B INC'REASE IN INSERTION LOSS

10-1 il I) \ 10-'' 1. 7: x 104 1' 1o1
7  

1 ,'7 \ 10: 3. -) N 107 G. 14 DIM INCREASE IN INSERTION LOSS
1) 52 D)11 INCREASE IN ISOLATION

-14 0 x 10"'' 1. 79 N 101 7 I1' '2. 5 x 103 1.37 N 10' 0. 05 DII DECREASE IN INSERTION LOSS P1 1 P2

lor' 14. o \ 10-' I. 7-1 x I3) .7 Io 1  1. 15 \ 1 2..17 %. 107 0. 07 D11 INCREASE IN INSERTION LOSS
0. 02 DIA INCREASE IN VSWR SIGNAL.

-1 II - li-'' x. 7W I4 3,; 1,17 3.41 ) 1\3 2. 46 \ 107 0. 26 DBI INCREASE IN INSERTION LOSS

_0-" 14 (0 N 1t-' 1 7' \" ./, N. !' 4.4 1 N 0 4. 2r x 10' 0.21 DB INCREASE IN INSERTION LOSS
0. 50 DB INCREASE IN ISOLATION

1W*' 1I A; \ 1W-' 1 77-, l; , .. P+' '2 0• \ 10- 1.21 10'; NO CALIBIRATION ON ADIAPFER RvT'.UIN SIGNAL

ho " 1-. 3 \ IWF 1 7", , . .- ,, 1017 4 zm N o03 2 42 N 10' 0. 10 DI, INCREASE IN INSERTION LOSS
0. 03 DB INCREASE IN VSWR SIGNAL

1I' I .1 I)•' i: : 1''' .1 1\ IoI7 3. 91) x 1,)N '2. 14 x 107 0.28 DPI INCREASE IN INSERTION L.OSS

1l 'o II I l. 1 7It ioto I 1[1) I W 10:) 3,57 x 107 0.22 DI1 INCREASE IN INSEIITION 1,OS.
0. 52 DII INCREASE IN ISOLATION

1o ' I . 10 1 lo,' 1I'' . '2 ' 111 4. 1 \. lo' 3. f;f; x 10' NO CALIBRATION ON MONITOR SIGNAl
0.09 DII INCREASE IN INSERTION LOSS III & P2

I•F' •.- 7 10-" .7 \'Ia1I 2.4 .1. lIs x 10 4.34 x 10" 0.16 DI1 INCREASE IN INSERTION LOSS
1 I'-' I. it-' 1.70 o 10o I lih x 1o17 4.-40 x 10

3  3. 02 x 10'o 0. 07 DII INCREASE IN INSERTION LOSS
II' w !W' 7 1 47)) ., 101 1 t8 jo17 4. 1 N x 103 3. 12 x 10'; 0.11 DB INCREASE IN INSELRITION LOSS

1 ," 1•i-' 1.7:, 101' 1.,-4 '. l)10 3.1 x 1;'' 3 4s x 107 0. 10 D), I)ECREASE IN MONITOR SIGNAL III & 1'2
0. 15 )11 INCREASE IN INSERTION .OSS PI & 112

k- 1-1 .' II'" 7] io
1  

1. l oult 3. 2o- x I o3 3 ol \ I'o U, 15 1)B INCREASE IN INSERTION 1.1)SS
1i;W" it1 t lo0" I I1" 2 ''I N -1. i \ l'3 tiI; x 1 0 23 DI1 INCREASE IN ISOLATION

0. 001 IM) INCRIEASE: IN INSEI:RTI'OIN 1LOSS
lo' 1.1 1 0 -1- I 17 ,7 1 hiol' 3.2o , 1 .3 3 OI "W 1' .08 )M INCIRE"ASE IN INSFII'TION ILOSS

I ' 17 1 I. •-•' 1.-It. , Inl I 0, 11) I , 5 \ 1(o 2.51 N 1)'. 10 D13 IN('RIEASF: IN MONITOR| SIGNAI 1'1 & 1'2
0. 09 DI; INC(REASE IN INSERTION L.OSS

Io-( 17. 1 l o-' I 11: 10 1 o; 101 0I ,'1' :: 1' I o3' 3o. 07 DF INCRI'EASE IN INSERTION I.OSS

x1I-" I5 , 7 1o') 1. ,!l Io,•' I ,t.j 1o7 .t * it 1tl 3. it) \ lo," it It, IM1 IN CREI'ASE IN MONIT OR| SI(;NAI I'l &. P2.

o. 15 )1B lI)E 1KC ASI- IN INSIERTION lOSS 1'2
x 1 ' iS 7 l .I l o1 :i ,., \ 1101 \ I 1 h) 0.07 1)1M INCIVEASE IN INSEIITION 1.()SS

"2. 0 I)it IN('RIFA.\S IN IS()1ATION
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SYMBOL DEFINITIONS FOR TABLE VI

S = DIFFERENCE BETWEEN CENTER OF RADIATION BURST AND
CENTER OF Pl (MICROSECONDS)

E = INTEGRATED NEUTRON FLUX 3.0 Mev (NEUTRONS cm2
nls

E 1.5 INTEGRAL NEUTRON FLUX 1. 5 Mev (NEUTRONS cm
2
)

fl

E
ns

.145

E 0.6 INTEGRAL NEUTRON FLUX 0. 7 Mev (NEUTRONS cm2
n

E 0.01 INTEGRAL NEUTRON FLUX 0.01 Mev (NEUTRONS cm
2

)
n

D - FIRST COLLISION TISSUE DOSE OF NEUTRONS (RADS)
Ii

1.66 x 10-8 E WHERE 1. 66 x 10-8 IS AN EMPIRICAL NUMBER
lis

T RADIATION PULSE WIDTH AT ONE-HALF MAXIMUM OBTAINED
w FROM SPRF PHOTOGRAPH (S'ECONDS)

T REACTOR PERIOD ý -- T WHERE - 1 IS AN EMPIRICAL

NUMBER (SEC.) 2.86 w 2.86

R RATIO OF PEAK NEUTRON FISSION RATE TO THE TOTAL NEUTRON

FISSIONS 1
4T

D INTEGRATED GAMMA DOSE (RADS)g

D r PEAK GAMMA DOSE RATE (RADS SEC.)

NOTES-
Hi pulsed 5kw

Power level delivered to the component under test.

1 Low cw -- 100 milliwatis

* Positive sign indicates the center of the radiation burst war ahead
of the center of P1.

F U. 01 was calculated as-univng E* 0. 145 E'. 0. 01.



2 -Tr7
I r 2 3I

INTEGRATED I
BURST COMPONENT POWER S** L: VUTRON FLUX

NUMBER EXPOSED LEVEL* (MICROSECONDS) EM,
ýNLEf TRONS Cm

2 1 1

9 COAXIAL DUPLEXER HI PULSED - 5 2. (.j x 1(12

W, G CIRCULATOR LOW CW 1.45 x 1012

ADIAHIO\ IWI'I1 AN)I LOW CW 1. u3 1 1012

ALUMINUM W G (AIR FILLED) LOW CW 1.49 \ 1(12

(NFI-tONS r1o COAXIAL DUPLEXER HI PULSED +15 2 1012

2
FlTI-•R ,, WiG CIRCULATOR LOW CW 1.39 x 1012

W, G DUPLEXER LOW CW N 20 x 1012

ALUMINUM WIG (AIR FILLED) LOW CW I. 30 \ 1(012

11 W G CIRCULATOR HI PULSED 5 1 1.34 , 1112

IEl"IR1)NS , W G DUPLEXEIP LOW CW

NFL I'RON> ,. 12 W G CIRCULATOR HI PULSED - 3 .0 , lo!2

. IRONS lAl-; W G DUPLEXER LOW CW >3 1l12
COAXIAL LIMITER LOW CW 111 x 2

N FMIPI(AI, .,N'MIBLI
1:i W G CIRCULATOR HI PULSED -10 .,1i \2

LI- MAXIMUM ()I`1TAINI, 1)

1,I W, G CIRCULATOR LOW CW -42 !9 x 1011

I>, AN I. M1PIRIAI
1. 15 W, G CIRCULATOR LOW CW -30 ( ) 1012

COAXIAL LIMITER LOW CW , 1012

I 0)' t HI '1t' C1Al. NI-!'I'RiN 1K' W G CIRCULATOR LOW CW -15 \ 1112

17 W, G CIR('CLATOH LOW CW - x 1012

AIUMINt'M W G (111 DENSITY POLY) LOW CW I 1

In COAXIAL. CI.. VLATOIl HI PULSED) 0 12
'9

COAXIAL LIMITER LOW CW 1.37 \ lt)

Ih pul,,d 5kLk COAXIAL CIRCULATOR LOW CW I. lr. \ 1012

,)1) tiilix ,,1,s.ALUMINUM W G (HI DENSITY POLY) LOW CW 2 \ 1012

100 .Ti l Ill w-l Is

hu t,, ! Ii a(!

Kwt

2J



TABLE VI. NEUTRON AND Y-RAY DOSIMETRY:,; 7`VIDING INTEGRAL DOSE AND DO

TO THE MICROWAVE COMP7)P.NTS AND THE OBSERVED EFFECTS
0 0 I.5, 7 9 --;0- T IlL

INTEGRATED INTEGRATED NEUTRON FLUX (MORON B;ALL) INTEGRATED NELI PIH .\I7TRON PULSE P(A: U"
I'OWEII I " NEUTRON FLUX (NEUTRONS c FLUX*** TISSUE WIDTH PEMIO

LEVE~L IMP P(l ' il 1K1 Es---- - -- - ~-1- - - -r --- ,- -- - - ------ En~ 0. 01 (CALCULAT7 DOSE D11  T,. (SEC. T (SECi
2NEUTRONS 'm2 ---- - 0. 01 ( (NEUTRONS cm2,i (RADS)

11 P'1,SI;D1 2. 09 x 1012 1.44 x 1013 L47 x 104 50 x 10 1

,oW UW 1. 43 x 1012 l.0x 1013 ' 41 x 104 50 x 10-' I

,OW lW 103 x112 7. 10 x 1012 1.71 x 104 50 x 10-6 1 .

LOW CW 1. 49 x 1012 1. 0, x 1013 , 6 x Il4 50 x l0-6 17.

HI 1PI,,'SI.l'. 2.79 x 1012 1.75x 1012 3.76x 1012 4.91 x 1012 1.92x 10 13  
t;3 x 10 4  

46x 10-'; IL. I'

LuW ('W 1. 59 x 1012 . 10 x 1013 f;x 104 46 x 10-6 16;. 1
LOW CW 1. 20 x 1012 -.

LOW CW 1.89 x 1012 " 4 x 10.

HI III [,ii ,lP 1.3.1x 1012 1. 7x 1012 3 D',x 1012 4. 55x 1012 9. 24 x 1012 ,.22 \ 04 50 x 10-6

I (),A " ,l 1. IC x 1012 H. 00 x 1u
12  

1 93 x 104 50 x 10' 1u

Ill PI11>1JI 1 39 l 1112 9.5! x 10
12  

31 x 104 50 x 10- 17 , N

LOW _\k 1. 35 \ 10
1 2  

9. 31 x 101- 24 x 104 50 x 10-l; 1. ,
.)W C'",k 1.21 x 1(12 1. 34 x 1012 . x 104 50 x 10 1 5

HI I I .i 1. 40 x 11
12  

9. 66 x 1012 12 \ 104 50 x 10-1; 17

,OV, •5•% 1. 19 x 1012 8 21 x 1( 21 ' .jo x 10"1 60 , i -r 2 ,

I(1W ck, 1.51 x 1j 12 1.04 x 1013 71 \ 104 50 x 10-' 17.
L(•W \k 1. 50 x 1(12 1.0 x 1013 x 104 50 x 10-6 17.

I O)w 5 ' 1.33 x 1012 3. o2 1 hi12 5. 5. x Io12 Io 1 12 ,3. 17 1012 21 x 104 52 x 10-(; lt 21

.t\,, Ilk' 1. 49 x 1012 1. 03 x 101:i \ 104

IA• ' ' 1.70 -; 10(12 1.21 x it ' 2 x 104
1L II I.:-,. 1. 11 N 1012 2.ia5 N 1 2 .. N,1" 1" 7 77 \ 11 1. 14 \ 101 . , . 104 s0 x 10x - 1T. 104

.'5'N CA, 1. 37 \ IU12 , , 101 ,' 27 x 104 50 x 10-i I 1. .5 x
S',,V •r 1. 18 \ 1(12 8. 14 x 1012 J.(; x 104 50 x 10-' 17.5

LOW ('• % 1. 52 x 1012 1. 05 x 101:3 -' 2 x 104 50 x 10- l 17'

...............................................................- -I- 3



DOSIMIETRY PRO, -- ,GRAL DnSE AND DOSE RATE EXPOSURES

WAVE COMPONE. iHE OBSERVED EFFECTS (SHEET 2)
" T . . . . . . . . . .. . . . . .. .

9 it 12 13 14 15 1b

TED NEUTRON pIS AT PEAK INCIDENT INTEGRATED PEAK INCIDENTLUX NU* LSEIT i PREACIOD I R NEUTRON FLUX GAMMA GAMMA RADIATIONCALCULATED) T (SEC.) (1, SEC.) .,En 0.01 (CALCULATED) DOSE Dgr DOSE Dgr
RONS, cm 2 ) (NEUTRONS'cm 2 SEC. (RADS) (RADS SEC.

. 44 x i 13  
, 17.5x10-6 1.43 x 104 2.06x 101 4.05 x 103 3.72 x 10 0.15 D3 INCREASE IN MO

0. 06 DR DECREASE IN IN,'
.00 x 1 1 3  ,- 17. 5x 10-6 1.43 x 104 1.43 x 107 3.25 x 10 2.59 x 107 0. 12 DB INCREASE IN INSNO CALIBRATION ON VSV"
10 x 1012 10"-'• 17. 5 x 10-6 1.43 x 104  2.45x 1016 2.65 x 103  1.83 x 107
03 x 1013 - 10- 17..5 x 10-6 1. 43 x 104 1.47 x 1017 3.45 x103 2.65 x 10' 0.36 DI3 INCREASE IN INS

.92 x 1013 ,. 1o- 16. 1 x 10-6 1. 55 x 104 2.98 x 1017 5.60 x 103 5.38 x 107 0. 17 DII INCREASE IN MO
1. 12 DB INCREASE IN INS

10 x 1013 ', 10-6 16 1x 10-6 1.55 x 104 1.71x 1017 3.25 x 103 3 07 x 107 0. 15 D1 INCREASE IN INS
l10-6 2,. 9 x, 10

.. ,' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 I* 1. • .. ,\1 '" 3. 50 x 103 '. : • ,.

.24x 1012 -; 17.5 x 10-6 1.43 x 1041.32x 17 1.85 x 103 2 38 x 107 0. 04 DB INCREASE IN MO24 x101 7. x 0-61. 3 x 0170. 10 DB DECREASE IN PI
.0o x Io12 .,t'-; 17, 5 x 10- 6  1.43 x 104  1.14 x 101 7 2.90 x 13 2.l07 x 107 0. 16 DB INCREASE IN INS

..";J \ 012  
. '•-:; 17. 5 x 10-6 1.43 x 104  1. 37 x 1017 2. 95 x 103 2.48x 1 0.03 DR INCREASE IN MO

0. 11 DB INCREASE IN INS:31 " 1012 .. 17.5 x 10-6 1.43 x 1041.33 1017 1.90 1 2.409 10 0.24 DR INCREASE IN INS
:34 x I012 1. j - 7. 5 x 10-6 1.43 x 104 1. 19 x 1017 2.30 x 103 2. 1f3 x 10' 0.02 DR INCR4EASE IN VSV

;(; . 1\012 , 0', 17 5 x 10-6 1. 43 x 104 1.38 x 1017 3. 15 , 10:3 2.49 x 10' 0. 02 DR INCREASE P1, 0.
0. 07 DB INCREASE INSER

21 \ l102 o ' 21. 0 x 10-6 1. 19 x 104 9.77 x 106 2.55 x 101 1.77 x 10' 0.09 D13 INCREASE IN IN,'

o4 \ 1113 - 17. 5 x 10-6 1. 43 x 104 1. 49 x 1017 3. 65 x 103 2.69 x 107 0. 10 DD INCREASE IN INSo x 1013 10' f( ; 17. 5x '10-6 1.43 x 104 1. 49 x 1017 3.,; x 103 26 x 10, 10 ID13 INCREASE IN SIG;N,'

17 , o 1012 1 iir'' !8. 2 x 10-6 1.37 x 104 1.26 x 1017 2. 80 x 103 2.27 \ 1, 7  
0. 11 DB INCREASE IN INS

0(3 \ 1013 3. 15 x 103 0. 06 D14 INCREASE IN MO
0. 15 DE INCREASE IN INS21 x i}-)1 2.4) x100 0.21 D13 INCREASE IN INS

, 1. 1
1

2  
l. '17. 5 10-6 1.43 X 10O1 1 2.05 \ l0o 2.1 I.10' 0. 22 DI DECREASE IN Mt

0. 08 DI1 DECREASE IN IN,,
45\ 1012 ,. Br'I 17. 5 x 10-6 1.43 x 104 1.35 \ 101 28;5 x 163 2.44 x 10' 0.09 DRINCREASE ININS
I. \ )))12 , o'' 1-" 17. 5 x 10-6 1.43 x 04 1. 16 x 1017 2.85 x 103 2. 10 .0 1' NO CALIBRATION VSWR S
0. % 1o10. iO-'' 17. 5 x 10- 1. 43 x 104 1. 50 x 1017 2.g00 x 103 2.70 N 10' 0. 20 1)1 INCREASE IN INS



DOSE RATE EXPOSURES

STS (SHEET 2)

12 13 14 15 16 17

CTOR PEAK INCIDENT INTEGRATED PEAK INCIDENT
R NEUTRON FLUX GAMMA GAMMA RADIATION E F FECT ON COMPONENTS

(1 SEC. RE, 0.01 (CALCULATED DOSE Dgr DOSE Dgr
(NEUTRONS cm 2 SEC. ) - (RADS) (RADS SEC. )

"x 10-(; 1. 43 x 104 2.06 x 1017 4. 05 x 103 3.72 x 107 0. 15 DB INCREASE IN MONITOR SIGNAL PI - P2
- 0. 06 DB DECREASE IN INSERTION LOSS P2

x 10-• 1. 43 x 1O4  1. 43 x 10 3. 25 x 103 2.59 x 10' 0. 12 DB INCREASE IN INSERTION LOSS
NO CALIBRATION ON VSWR SIGNAL

x10o- 1. 43 x10 4  2.45x 1016 2.65 x 103  1. 83 x 107
"x 10-6 1.43 x 104 1.47 x 1017 3.45 x 103  2. 65 x 107 0. 36 DB INCREASE IN INSERTION LOSS

" 10-'i 1. 55 x 104 2.98 x 1017 5. 60 x 103 5.38 \ 107 0. 17 D1 INCREASE IN MONITOR SIGNAL P1 & P2
1. 12 DB INCREASE IN INSERTION LOSS P1 &- P2

"x 10 -6 1. 55 x 104 1. 71 x 1017 3. 25 x 103 3.07 x 10_! 0. 15 DR INCREASE IN INSERTION LOSS
,, - .. '' 2.95 x 10

3  . *. -, , , , . .\-i I\ l :[ I , ' . A•1 . -, I ! ... . 1\ 1:. '1()'
" i . 3. 50 x 103

x 10-, 1. -3 x 104 1.32 x 1017 1. 85 x I03 2. 38 x 107 0. 04 DB INCREASE IN MONITOR SIGNAL P1 & P2
0. 10 DB DECREASE IN P1, 0. 02 DBI DECREASE 132 INSERTION LOSS

x 10- 1.43 x 104 1. 14 , 1017 2.90 ,\ I o'; 2.07 7. x 107 0. 16 DB INCREASE IN INSERTION LOSS

x 10-G 1. 43 x 104 1 37 \ !o17 2. 95 \ 10:4 2.48' x 107 0. 03 DB INCREASE IN MONITOR SIGNAL P1 & P2
0. 11 DB INCREASE IN INSERTION LOSS P1 & P2

x 10-6 1. 43 x 104  1.33 \ I117 1. 90 x Io3 2.40 x 10' 0. 24 DB INCREASE IN INSERTION LOSS
\ 10-' 1. 43 x 104 1. 13 x 1017 2. 30 \ 103 2. It; x 107 U. 02 D1 INCREASE IN VSWR SIGNAL.

x 10"1 1. 43 x 10* 1. 38 \ 1017 3. 15 x 103 2.49 -ý 107 0. 02 DB INCREASE P1, 0. 02 DD DECREASE 112 MONITOR SIGNAL
0. 07 DB INCREASE INSERTION LOSS P1

"x lo-t 1. 19 x 104 9. 77 \ 101() 2. 55 x 10:I 1.77 x 107 0. 09 DP, I.NCREASE IN INSERTION LOSS

"x 10-6 1. 4J \ 10' 1.49 x 1017 3.65 x 103 2. c9 x 10o 0. 10 DR INCREASE IN INSERTION LOSS
"x 10-6 1. 4,1 \ 104 1. 49 x 1017 3. 65 x 10: 2. 6 x 107 10 DB INCREASE IN SIGNAl. LEVEL FROM OUTPUT PORT

x 10-W 1.37 l 1o4 1. 2; x 1017 2. 80 x 103 2.27 x 1L
7  

0.11 DB INCREASE IN INSERTION LOSS

1. 15 \ I1 w U. 06 DB INCREASE IN MONITOR SIGNAL
0. 15 D11 INCREASE IN INSERTION LOSS

2. 4) x 1t0 0.21 D11 INCREASE IN INSERTION LOSS

Sl- i..3 :, 10 1. 1; \ hi; '2. •5 ,C I. 2. 10 \, 107 0. 22 D)I DECREASE 1,. MONITOR SIGNAL Ill & P2

(). t,8 DII DECREASE I1 INSERTION LOSS Il1 & P2

x lu-1' I. 43 i 10Io 1.35 \ 17 2 h5 x Itiy 2.44 x Itt7 o. 09 DI3 INCREASE IN i:ZSERTION LOSS

x 10I6 1. I. I1' \ 10!; 2. 8 5 \ l10 2. 10 \ l10 NO CALIIBRATION VSWR SIGNAl.

x 10-6 1._13 \ 04 1.50 I 1i17 2.0) x 10' 2. 71 \ 107 u. 20 I)11 INCREASE IN INSERTION LOSS

4-33/345



5. CONCLUSIONS

The followini.,, c onclusionls are baxsed on the operatio lolf C -band inierOwave

componcnts at power levels of 100 inilliwatts (low power) antI 5 kilowatts (high power)

at at frequencv of 5. 6 Ge and in a radiation. environment of the c~nten andl ciuatio of

that produced dluring a burst at the SPRF. The radiation effects onl the operating,

characteristics od the co nhlonents are the folloin:

5. 1 WAVEGUIDE TO COAXIAL ADAPTERS

The average transient decrease in the signal level passing through the adaipt-

ers using, remolite lIeads was approximiately 0. 1db) at low rf power. Underi the saine

operating, conditions, the avera~ge transient decrease in the signal level pass ing through

the adapters using polye~thylene beads was less than 0. 2 tlb or appri xim-atelv twice that

of the rexolite, heads. Transient effects observed at high rf pulsed po~wer were ( if coin-

parabe niagni tude.

5. 2. ALUMINUM WAVEGUIDL SECTION'S

Air ionIzathio effects in~ waveigiide have 1xwen ilotecl ill previous exlperirents

'less performed durin this interimi using carelullv selected adapters (Rexolite beads)

are cons istenit NWil the previo us concIwh5jl15 Solid dielect ric inserts reduce the

ionizathio effects anid titus the tr'ans ienit increase ill iflseitio loss per foot; however

these inserts increase the static inserthr ion ss of the w2veguitle by approximiately all

o)rderi of iiagnitude.

5.3. COAXIAL ISOLATOR

The radiath~ ii ii V eluesbser vtd owet it s than 0. 1 dl. The deice sueei 1b5

hefully aCCIEt~alIl tor usu in a radliathinl tlinil'olinewt

k.4 COAXIAL CIRCULATOR

The hngh and lww 1it('wl' tralisieitH elfOI.e ts bSeiVid h r IbIst~vice are le--s thaIn

0. 05 cOb. Thiis- (hvi( seisý h, IA' Lill11y oetinlin a tranik~int radiaition en1vironl-

5.5 COAXIAL LIMITER

The transient radiati ili ethets Ithstrvt~d lIn tills, iit':mt at lowk c-f po)wer are

lesthan 0. 1 (11 and ar'e thus aett-ptahlv low,. At high poxki' tin signlal level out (tI

lt i llinitemI 1Criiil'eaes 11\ alpr)xlt.\llatcIy 10 dh1. The hasme (wc( )eI this effect is

5.1



1)121 jVd to heII aSS1Ri' i;Ited With the teflon b ead used for' the single crystal sphere holder

and cross strip ,-pacer, Sonie redesign and additional tests on the device seem re-

qJuirtd to prioduce a fully radiation re-sistance gyro magnet ic coupli: g limi nter.

5.6 COAXIAL I)UPLEXET?

ThliS deCVIce0 Ci impo(sed oif the coaxial Y-junction circulator and the coaxial

Iimiitei' seem to bc -acceptable foru use in a radiation environment. The observed aver -

a-e tranisient radiation cfitects weire 1(55 th an 0. 2 dl). The isolation provided by the

circulator' seenisI( toeduce, the rf power' reachingl~ the limiter to a magnitude below

that prochicing, the adverse effects observed inl the tests of the limiter alone. This of

co(urse;, depends mn the application and system environment of the duplExer.

5. 7 WAy EGUIIE JlUNC TION CIRCU LA TORl

ThU averagýe transient radiation effects ob~servedi for this component at low or

high piwer arets than 0. 15 clb. The operation of this device seems a cceptable for

ut ilization i~i a radiathion enviro)inment.

5. 8 WAVEGUIDE DIFFERENTIAL PHASE SHIFT DUPLEXER

The average, tiransient radiation effects observed for this compinent at low or

high p iwer are( less than 0. 3 dbl. A large portion of this observed effect is possibly

asstwiatecd wiith the waveg'uidc-to-co)ax adapters required to perform the tests. The
actual radiat ion eftects inl the dluplexer proper' is probably near 0. 1 db.

5.¶i MNAGNETRON AND FREQUENCY MEFTER

Tests tii the bare imagiietroin o)per-ati inl thle pulse radiat ion environ ment

pindu ccl no) de.ter ii ia tbn inl the pulse s hape oir magnitude. Pre'vious eXperimlents

Whinch inl('uded theC pUlse transfor mer' and assoctiated cir cuitry produced results show-

;nlarge decersca.s in iautpult p)oNVer during and just after the radiation burst. These

[P 'c ts ai'L, attr ibutcd ti) the pulse triansfor'meir and circuitiry su pple mientLary to theý mnag.-

neti-ii I. The ninagnt rio it self apparentk lvo perates withi uit deteri'oiratioii during the

iH~iat ioin burst.

Tin' Jiitii v-di '-i,.ials fromi the 1l'e(lu'(ilcv m'eter et could not be fully ana-

[.v/ci. FH wevelr, lii characti-i'is-t ic.s (it biw ti'ansnitsisioii cav'ities app~ar'ently were al-

ti F( Lt lUriM'i~c tii' hiiii't p'itiig lne (N'('t1ishiIIS inl tle iiult1 )ut signial.

Iii~~tl( ienLI ia)I the efecsitttiiailiatiiii expeirimental tests du~i'iiig, thlis periodI

aci iiwelt ith tlýert pwn~iitel [(Icp'iv inwpriods. With the exception o)f the co)axial



limiter, thie observed effects at high r-f power level•i (5 Kw) a tree well with those

observed at low cw power.

The operating characteristics of all the ferrite dupitxing components tested

in the pulsed radiation environment (with the possiblqe exception of the coaxial gyro-

magnetic coupling limiter) are not altered severely, Each component would be accept-

abie for utilization toward radiation resistant or har-dened microwave system.

The significance of these conclusions to the mi crowave equipment designer is

as follows:

The gyromagnetic coupling limiters can not be expected to retain
their full limiting characteristic when exposed to pulsed radiation
and high rf power. In critical power limitinig situations, some de-
gree of iadiation resistant development will be needed for the lim-
iter to perform properly. All of the other components tested seem
fully acceptable for utilization in radiation :resistant microwave e-
quipment.

The significance of these conclusions to th+: miicrovwave tube designers is the

following:

The magnetron (MA-220) and pulse transfo rmner exhibited large
transient effects during the radiation burst and recove-ry time
(lingering effects) are long (much longer ttian 150 microseconds).
The magnetron itself exhibits radiation res istant characteristics.
Radiation effects in the pulse transformer and associated driver
circuitry produce the observed deterioratih -g effects.

The significance of these conclusions to inclividuals engaged in the study of

radiation damage mechanisms is the following:

Ionization produced by gamma rays and tlhu resultant electrons is
the most prominent radiation damage neclhanism observed in the
studies of transient radiation effects on ni c'owav(, duplexing
equip)ment.
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7. PROGRAM FOR NEXT INTERVAL
(1 MARCH 1964 TO 31 JULY 1964)

The data collected during the entire program will be iurther analyzed and

integrated. A thorough analysis and interpretation of the results of the program will

be formalized leading" to the preparation of the final report.

7-1



8. IDENTIFICATION OF PERSONNEL

During the sLxth quarter (1 November to 29 February), 567 engineering

manhours were devoted to the contract by the personnel listed below.

Biographies of all personnel have appeared in previous reports submitted

onl the program.

B. J1. Duncan 9 hours

E. W. Matthews 27 hours

G. R. Harrison 95 hours

R. E. Greenwood 112 hours

J. A. Hart 281 hours

D. B. Swartz 43 hours
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